Finite element analysis of laminated plates and shells, volume 2 by Seide, P. & Chang, P. N. H.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19780016635 2020-03-22T04:31:25+00:00Z
.P	 1`	 1. ^- s.',	 u	
i	 l
4 '50UTtI f0	 ua -Y
^	 ^	 C
UNIVERSITY OF
SOUTHERN CALIFORNIA
i^
j
l
CIVIL ENGINEERING DEPARTMENT
f	 t
FINITE  ELErE dT ANALYSIS
OF LANINATED PLATES ADD SHELLS
(NASA—CP-157107) FINITE ELEMENT ANALYSIS CE
	
N78-24578
LAMINATED PL A TES ANr SHELLS, VOLUME 2
Annual Progress Report, Mar. 1977 - Mar.
1978 (University of Scuthern Calif.) 	 164	 Unclas
HC A08/MF A01	 CSCL 20K G3/39 20793
PAUL SEIDE
AND
PETER N.-H. CHANG
ANNUAL PROGRESS REPORT
MARCH 1977 - MARCH 1978
Volume 2
NASA Grant-No. 1401
i
1
1
1
i
ta
v
d
ZF
University of Southern California
University Park
Los Angeles, California 90007
FINITE ELEMENT ANALYSIS OF
LAMINATED PLATES AND SHELLS
Paul Seide
and
Peter N.-H. Chang
Annual Progress Report
March 1 977 - March 1978
Volume 2
NASA Grant No. NSG 1401
ri
y
_ .3
.^	
;..j.:=y ^.-.^	 -	 - ^W,	 _	 -err--^....^-•
67...1 L.;.-...:..f ^ L..«..+SJ	 - lw^.^E	 Y^nr^nl	 ^	 ^ 	 kit	 6a^..1	 .1	 i«.•a.....i	 ^ ^ 	 G..^ ^ - ^ai	 Sc
--
APPEI@31 As COMPUTER PROCaUT FOR. 1AIMIATED PIATE AND CY1,114DRICAL SHELL ANALYSIS
MAIN. L.ASn£-•FaR	 FORTRAN V.SAI621) /KI	 .2:7-MAY-73	 12:Ju	 PAut 1 -
! 00010 IMPLICIT REAL*d ( A-HikJ-Z)
i
00020 REAL.
	
T n T:T.SsSTvtlF-0
00030 LL1[iIGAt_ ELPFL •1'sELPGH n %iINPRTeGE144CH.j=rO-riruruST
f
00040 "A MON /GAF!/ x( 9999)
t 00050 CUMAGN/ JUN+. /HLUI 181 sJUKL4001
00060 COMMON 1E+..PRR/ NPARCL41*NUMNP94kJA[a @Nt--TYPsNlok4li11J3rN4sNSvHTuTINEZ)00070 COMMON /thi	 / UQQ(2647}
00080 COMMON /JYN/	 li}Uolll) sNUY1^s4r1 :^ Pi t7sTti3^CH1 00090 COMMON /TAPES/ NOOltal
00100 C01 414 C,N 1EXTRA/ N0DEXsNtdsNL0SYiNTIusAEudaNUKLLaT[IZ	 S(121
00110 r-ORRON /50L/ 	N3L0CKsNEQti sa_t vlFs1 .sJkIs ,YE1%;oNAJipNVV . sANORMsNFJU
00120 COMMON /CTL/ GRAV,ELPt2T . ELPs.N • JE:aanT n .^_.tlF+:.)e , sAtF+^Crl4laiT[.c;,
-j 007130 1	 H 1Nt3ND s 1N LT^NNL_ Lijarili^a.T n Jf^{ ^Cil.G}
00140 LOAMON /. MU5TF/ GEUSTsN=L6eU
00150 CONACN/SE1S/NRSC,KAPG nNRSs1TsDJATEsJFLAti
_ 001613 C
} 00170 400180 C -00190 UPEN1L1NLT= 1sdL:VICE==*t7SK•eF1LE=•CC0I.JAT+)
00200 OPEN ( UN1T= 2vOEVICE= 41 USK'sFI"-- 1 :4..02•AAd•)
00210 OPEN(UNIT = 3sOt3VLCE= • n3$K l pFILL- • CCJ3.DAT•)
T
00220 OPEN.WhIT = 4 n DEVICE= n 0SK i 0- ILL= 'LL,14*J.►T')
00230 OPENCUNIT = 59QEVICe= n +DbA l rF;s.c.- • a205 . 3AT • 1 ;
00240 UPENIUNIT- 6saEVICE= n llSK • sF$LE- • 3Ea6.OAT • 7 H
'	 ) 00250 OPEN (UNIT= 7,,D£VICE= n 05K • sF1L£=+ L.G07 . JAT 6 3 b
00260 GPENLIIN; 'T= tsPDEVICE= sDSA n sF14-tE= 8 CLJd o DAY n ) Qs
00270 OPEN (UNIT = 9sf3LVI CE= I DSK • ►F IL -= • GCO3 . 17AI • 1. ^* `^+3
002BO OPEN4<UNIT = 1090EVICE=' OSK'sFILE=• CC10.0AT•)
w00300 OPEN IUNI .T=12sOEVlCE=' d3K n aFlLE= • C;Cl2 . 0Ar 8 1 r(10310' C,PcN ( UNIT=Lasr7EV ICI:= n J3K'sFILE=' Gi.1.^. :IwT^)
00320 OrFN ( UNlT=14s0EVIL:E= n U5K ' *FlLt- +.:C14.JAT9) b•
00330 (PE;4IUNIT=I„UEV ICE=' uSK' sF 1LE=' CCL5 • JAr f )
i Do 34C Z
0035U ti by00360 NPLuTS•= 0 iL7 -
00370 = CALL	 HEJORTiKUYN)063813 JFLAt;=000390 &RITE. (1.3)	 HEO ;`	 :.i---
00400 c
aoalo c f
1 00420 L^
-00430. .:
00440 c: I	 N P U T	 J J	 1 .4 T	 a A T A
00450 C
1 004b0 Nt2=NI+b4NU14NP
00470 N3=.NL+NUl4NP
00480 N4=N3+NUMNP
00490 N5=144•t•NUMNP
00500 Nb=N5+NUr4NP
00510 CALL	 ERRuktNb)
oo52a c
00530 REAL)	 (5s LOA 1) NPAR
1 005413 &-ALF-	 1NPJTJ	 (A(N1)sA(Ndls:A(Nj1.A('N31sA1tlo))
00550
00560 c STURE THe N00 AL LUOkluiNATta FJR L A TER JSL3
OU570 CI
1
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.
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MAIN * LASHEL * FEik	 FORTRAN V#5A ( 6211 IAL	 23—MAY -7ts	 ld .*z8	 IJAGF- I—L
005110 WRITE	 (13)	 fA(lJ . L=N?-,Nb,)
00590 c
00600 c F	 G R 14	 E I- r- A E N Y	 S T	 I F F. N, r. 5	 i L S
00610 c
001320 c
00630 HtsAND=0
r 00640 NUNEL--o
00650 c
00660 C* V* .B ATA PORTfiULh SAVE00670. IF1J4J0EX & EQo1)	 WRITE 114Tas*) t%~
00680 NTL=L
00690 If	 (HINONJ	 * 43E-	 I	 mANL) m 	1403EX oZ,1 9 J)	 NIL 1=4
00700 IF	 (M1N6NO	 . GE.	 I	 &ANL)s	 AUJEA it-J.	 1.)	 4T 1=
00710 WRITC (NTI) NPAR
00720. hUMEL=NUHEL+NPAR42J00730 #4TYPE=NPAR11)00740 c
00750 CALL	 ELTYPEtr4TYPE)00760 c00770 C
007a0 c ADD AN r--NL)-UF-FtLF- ^L-A-1 Q.Y f: IL.-=	 L300790 c0080003810 IF JJPLT
	 GT. 0)
00820 XWRITF-(131	 Mm?400830 c00840 c
00850 c D k T e R H I N E	 d 1- 0 C K 5 1 Z E00860 c
00870 c ADOSTF00680 c00890 NEQa=(HTUT - 4*LL)/Lr4LsAND + &-L-	 1)/,d00900 c
co^Dic c OV1-R-1140a THE SYSTZA MATRIA tm-Jt-&6I4E WITH Thtt INPUT	 iNON-ZhRulC0920 c VALUto KEQB*
00930 c THIS OVLR=RIDF- ENTRY IS TO ALLJs PRUGRAI CHLLKING OF MULTI-
U094%) c di-LL& AL-WRITHMS WITH *HAT wO4i-J NORNAL^-Y WC JNC BLOCK DATA.00950
00960 IVIKLQUwLTmNEUJ) N p:Qd = KeOu00970 c00980 c
C0990 C STATIC: SOLUTIC1401000 c
01010 ago CONIINUC
01020 NEQtil = iHtdT - NdAND J/ L2*(MdANatL-J + I)0103 0 Nt:Q"2=[t4TUT -MBAND 	 + Hi3AND + 1)
01040 IF z.NkQtJI .LT .NdUdl NEQW=Nc Qui
otoso IF	 [NLUd,! . LT * NEd5J NLQd=NeQ6,^01060 NdLUCK = (NEO-L)INEUd +101070 IF (NEUd. WT.aEtl)	 NE12b=t4tEQ010,3 0 IF(IPLT.t:u.u)6u TO b9n
01090 NiuT =aO*NuMNP+Nr-Qd*Ntli-Ut.K*LL
oltuo I1-(MTi]T..r.14T(jr)GU TO	 790
01110 WkITELb . Z02ij1NTUT
(?I Lao muvf-x=l01 130 695 NTuT=4*NUMNP+NL-:UzJ*Nt3LL)t-K*J-^+ I
MAIN • LASHEL .FLIR FJkTKAN V. . 6A(621)	 / 1%1	 2a-MAY -7d	 SZ:3B	 PA6= 1=2.
1 01140 IF( .MT0T . uT.NTUT1Gu T4 7SJO01150 W R1Th(UOd030 )NTOT
01160 MDDEX=1
r 01170 Gu :TO 790
1 011so
01190 G
01200 790 IF (NE03 eGG.. 2) GU TO 792
01210 IF (NEQ .LT. 31 GU TU Z92
i 01220 WHITE (6:20101 NE09.01230 NI=U4=2
01240 N1iLUCK= (4=Q -1J/NEgd + I
01250 MUDEA=l
k 01260 792 LGNTINUE
01270 C
—^-01260 C i N. P V T	 N 41 0 A L.	 L 0 A J 5
01290 G1 01300 NS & = NE013* N8L0CK
01310 Nd=Nl+6*NUMNP _-
01;:1L0 N3=N2+LL*NSi3 Q
x1330 N4=N3+NSti
I 01340 CALL	 ERRQR(N4)
01350 WRITE 169401) NkQrMAAryJsNt=^7L9 . N3Li1Cee Q
013b0 C C7'01370 C
01380 CALL	 1NL1A ( N1}sA ( NeirA{N3J9 fVU1;NPoticat^ . Vsti^LLiNtEL :ff:di
01,390 G0140 0 C
01410 C C11E.L.K FuR UNRESTRAINED DEGREES OF FReEjD}I
r 01420. C
01430 N4=N2}NEQ rr tM0144001450 G LALL	 CHECK ( A{t41JtA ( i441.)4C (1*NU#4r-LaNct-TYR) H 1wl jr 41460 C F U H 9	 T U T A z	 5 T I F' F N E.6 CI.
.01470 C
01480 NE2t1 =2*NEUtI.01490 N2=N1+NSUa*M0ANo
I 01500 N3=N2+NEAU*^L
01510 N4= N:P+4*LL-
0152Q Nv2=N1+ NE2U(- Mt1AN7
01530 NN3=NN2+NE2tiVLt-
t 01540 NN4=NN3+4*ii
01550 G
01Sb0 LALL
	
AJJSTr"	 ( r«Y1.J *rt{NIVI_' 1.A (N.V ^1 tALYN4I . N^Fr1LL.Ht11 t+i.A >, N^^:i9a_a .+14t.1>4
01570 KU.ANUR9zNVVJ
015130 C
OI590 1 93 LGNT1NUh
01600 G
01610 C S L L U T 1 U N	 P ri A S f=
►71620 G
_..
L`Sb30 L
01640 L STATIL 5JLUTiU%
01650 L
=►
.
I 01660 J u IF LI4UJLx . =U.u) 	 u63	 Tl.	 ,J201670 GLI TO 90 _.
01980 C
01680 :32 RLWINJ lL
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MAIN.
	
LASHE- f-LR	 F.7uTRAN.V.aALu2li /K1	 -IJ-•14A1-7tl	 12;ju	 RAW- 1-s
01700	 CALL 5UL LO
017.10	 IF EaNOT. GEOSf1 GU Ta:90
01720	 WRLTE.L6jp2000L NUMEL.NELGIO'
al7^o e
1	 01740	 L:
01750 C
01760 C
01770	 90 GO TO 5
01780	 c
01790	 201 FURKAT IA6111E. 0 U A T I 0 N	 P A R A A E f L 34 Sr'
01800	 X	 34H TOTAL NUMBER OF EQJATIONS	 =.15.
01810	 X	 /34H OANOWL13T?i 	 =+Ia•
01820	 X	 /340 NUMOER OF EaUATIUNS IN A dtaLK =.15r
01830	 X	 /34H NUMBER OF 01 -CAS	 =.15)
01840	 203 FORMAT LIHI'31HO V E K A L L T 1 A E L U v.
O1tl50	 X SX.3QHNJDAL POINT INPUT 	 =1 F$+2 /
7	 OLS60	 X 5X.30HELEKmf4T STIFFNESS hORMATION = r FS.2 /
01870	 X SX.30HNGOAL LOAD INPUT	 _. F8.2 /
01880	 X 5X.:SJHTOTAL STIFFNESS FORMATION 	 =r F8012 /
01890	 X 9X930MSTATIC ANALYSIS	 =r Fd.d /
01900	 X 5XsZg0HcLGENVALUE EXTRACTIUN	 =r Fd.c
01910
	
X 5Xr3JmSTkUCTURE PLOTTING 	 _.. Fd.d
01920	 X *Xv-)0HF0kCED RESPONSE ANALYSIS 	 _. Fdoe.
01930	 X SXf3OHRESPONSE SPF-LTRU14 ANALYSIS =e Fd.a01940	 X 9X9.30HSTEP-BY-STEP INTEGRATION
	
-, FSOZ- /
01950	 X SX.300FR64UENCY RESPVNSE ANALYSIS =. F3.2 //
01960
	 X 5X.30HTOTAL SOLUTION TIME
	
' _. Fd.2 /I01970	 [:QL980
	
r-
01 4990 	 G
02000	 L001 FOR14AT L14ISt
020L0
	 3 np FORMAT L r JTOTAL NdNtsCR Of ELEMENTS
02020	 X	 s NuMUhR OF ELEMENTS AITIi v~014:Cr^I.. STIYFNG55= n r15i
n7ri30
	 2010 FURMAT L 9 0*** WARNING *** THG AVAILA&SL E rs-ANK COMMUNT LMILT1 I59r
42040	 Ar =UGF,'MALL n ./. 9 C014PUTF-0 NO* OF L:QUAT!3..NS PLR 8L-OCK= -r110./.02050	 X1 PRGF eEJ IN THE DATA CHECK MODE *LTM NEQD =c n L02060	 2020 FOHMf,TL°J*** FATAL_ ERROR *** AVA1LAaLE CGkr, 4.2 TVU 3MALL9.
02070	 t r 9 FOR PL.OTTINCs. R4nuIREU ,4107=9.113/02090	 2* CONT1':4uE' IN THk UATA CHELK AUJt91
02090	 2UJO FURMATL'0*** FATAL ERIZUR *#*. AVA1LAOLf- CURE 1S LNAJAOUATk9
02100
	
10 RZOUlRtJ'MTUT= n .110/ n LONTI.yUL IN TlZ JATA CHECK MUDEr1
02110	 END
COMMON ULUCKS
/GAR/L+470Jb1
A	 +0
/JUNK/(+642)
LIEU	 +0	 JUK
	
t,!2.
/ELPAR/L+JQ1
J	 HPAH	 +0	 NUANP	 tL0	 .duAND	 1.17	 NE- rv? #-,a	 ml	 tLl
NZ	 t:2d	 N3	 4ra.3	 ,V4	 te4 	N5	 +4b	 MTOT	 +dL
NEC	 -^2r
/EM/(+LJ076)
I
DQQ	 +0
/DYN/4+21] )
lauh	 +0 Nu YN + 13 TrLIPCH +14 Trl$PL.rl +tp
1 /TAPES/(+6)
E /EXTRA/(+361
` MODEX	 +0 NTa +1 N10SV +2 NT13 +3 Kh(113 +4
I NUKEL	 +5 T +b 5 +2d
f
/SOL/(+13)
NBLOCK	 +0 NUQUi +l LL 1 d Nr . t^ LUU14 +4[
i NI;IG	 +5 NAO +a OW + 7 ANOR4 +1C
NFU +I
/CTL/(+26)
GRAV	 +0 ELPRT +2 ELPL11 +3 %iENpar +4 ur--NP.GH +5
I	 I DEFPCH.	 +6 IWTCG +7 M1i+1HWU + 10 LPLT +11 _ NPLOTS *12NPLT	 4-13 JNKK +14
/GEOSTF/(+21
1 GEOST	 + 0 NEiLGEU +1
/S Ei 1 S/ (+7)
NRSC	 +0 KAPG +1 MRS +2 IT +3 DOATE +4
1 JFLAG	 .+b
' SU13PHE)GRAMS LALLED
1 AODSTF	 SULEQ HEOPRT ELTYPc CHECK ERROR
1NPUTJ	 INL
SCALARS ANO A►thHl' S L 91 * 41 NU CXPLILIT 11E1- INITIuN - M 4' 1	ivOT At.F.^RENLEil',-I
*NN2	 i *NTOT i; 95F *Nb .i *NN3 4
*NE=2B	 S *M b sNN% 7 *Nad 10 50000 11
*NEQB;!	 12 *NT1 13 *KUYN 14 *ATYP_ A ti *NEQbI 10
1 *1	 17 %TT
TEmpanAR I ES
1 .Q0000 421 * U0001 421 • 00002 444 . UJUJJ 4,44 .UO004 445
1
MAIN.	 NU tRFEURS LICT=LSE;1]
1
1
i3
1G
ti
LAODSTF LASHkiL.1-Ok	 F-URIRAN V o. A(021) /KL	 ?J-14AY-7d	 lt:_3b	 PAUh	 L
' 02120 SUtKUUTINt ADDSTF	 ( KS1isLiTt7sTMAaS,IvUH^Ls'1clL^lGIC.Nt^Ck3rLL,F3LiAtlJsAiVUF^M^
02130 LNVVJ
02.140 L
02150 IMPLICIT 11kAL4d(A-II^II-1)
1 02160 LOGICAL m..PRT i aL.PCH.iaENPRT o bENPLH O13EFP..H
02170 REAL PCT
02180 r-
02190 C CALLED BY	 HAIN
f	 1 02200 C
02210 G FURHS GLUBA` EQUILIuRIUM EQUATIONS iN d"UCKS
02220 L
xU.30 D114tN51.71r A(Nt0-6 * maANO)ri3(NEto,Lt.JaSTR(4,1,1..).TmAti6it 	 i!U)
022A0 C
02254 COMMON /DYN/	 NTmNUTsAL.FAeDTvJETA.NFN&YuM *NAT ,NOYN
02260 COMMON /EH/ LRa.ND9LM(63)s1PAD.3S(2a31J
02270 COMMON /EXTRA/ MODEXsNTU
1 02280 CQMMGN /CTL/ GRAVsELPRTsELPCt4.:iENPRTs6r..4PCH*D=FPCti02290 C
l
02300 NEUtJ=NE2d/2
02310 K=NECB+1
L 02320 X=NbLULK
02330 Ha=0S0RT(X)02340 ma=99/2+1 4'G02350 NEB©=8B*NG2d} 02360 f4A=l "G
'c 02370 NDEG=G Vv
f 02380 NVV=O
02390 ANGRM=OoDOJ 02400 AHLN=1 n 0030024 L O02420: AMAX= -AM LNNStt1FT=O Ca
02930 NNLIR14=0 i
02440 HEW I NU '3 k.
02450 REWIND 4. 1^02400 RLwINU %i }C
02470 C
1 02480 t. READ hLEMENT LUAU MULTIPLIE=RS
02090 L
02500 WRITE (0.4000)
02510 DO 50 L=1.LL.
l 02520 READ	 (6%1002)	 (5TN(i,LJ sl=1,41
02530 50	 WRITE, (b,2002)	 L., 4STR(I.L)s1=1s4)
02540 IF(MOULX.&Q.C)
	
vtAlTL (82*)	 SIR
02550 G
I 02560 L FOR A STtP-bY-STEP ANALYSIS	 (,IUYNomu*41	 READ THE. 6ULUTIbN42570 L LUNTIIUL LARU.	 1 HE I IAE STEP 01) ANO THE DAMPING CJEFFICIEN TS
02580 . C (ALFA/UETA) ARE REUULkEJ FOR THE ASSt AJ—Y OF THE EFFkCTIVE.
C2590 G SYSIEM STLFFNESS MA7RIA LN THL! HOUT1Nk.
J 02b00 C02610 1FtNL)YN.NL*4) 	 fill TO US
C2b20 L
OZ630 READ	 (5s10U4) NFN, NuMsNAT,NToNUToOTeAl.FAsut_TA
02640 WRITLG	 (6,2004)	 NFNsNuMsNAIeNT,'JUTsuI,ALFFA.ti.IA
02650 1F(NAT.EI].OJ	 NAT	 =	 1OZb6) 11-04ji.EU.0)
	
NOT = 1
C2670 IF (uT.bT. L.e'U-Le) uU TU ub
h;
F^-{
^.	 s+a^.n_+r.l.;fi^^ly,
	 -1 .:i:3.s»..c'ir^.^	 ^.. a.e. n..	 .^. . 	 ...	
..—_•--.-.^	 ._.^_
	 ._..	
_.^	
-
ADDSTF LASHEL.FOR
	
FLRTRAN V•5AtbZI) /nL	 2o-MAIF--76	 12.ab	 PALO 1-1
02680 %RlTc 1693000)
02690 STOP02700 C.
02710 C COMPUTE. INTtrGRATION CLIEFFLCdENTS FUR ASSENdi-V OF E9-FECT1Yt
1 027,20 C SYSTEM STIFFNESa (STEP-JY-STEP ANALYST$ UNLY)
+ 02730 C02740 55 TL:TA = 1.400
02760 DTI	 = TLTA*DT
1 02750 Dr+B	 = JTL**2
02770 A0	 =	 ( 6.00+3 . UO319ALFA*.JT1)/(Otd+3 . 00,0^pETA#a)T1)
02780 C
02790 b5 IF(MOJ@k.EU.1) RETURN
+ 02800 L
02810 C FORM LAJATION5 IN aLJCKS 	 t 2 zuUCKa AT A TIME)
02820 c
j 02930 00 1000 M-L.NBLGCK s2
1 02a40 DU 170.1--APNE2d
02850 110 lOO J =19A(k1AN0
02860 LOD A{1.J)=ovc)o
02870 RE + Lit{3J((L3iI .L).1=1.NEOti )rd_=1.LL). fTMASS { d).d=..NEQr1)
02880. IF (M.40.NULOCK) GO TO 110
028510 RE11fi { 3#[[+311 . i#sI=tcs^^i2n #. t_=1.:-L1. ( TNA5St1Js1=K.N12t1J
02900 110.CU14TINUE
02910 C} 0292: 0 R@fu 1 NG 7
02930 Rr-vrfigD 402940 : NA-7i 02950 HU1ME=NUM7} 02960 IF	 W TO 120
0297D NA=2
02980 NuME=NUMcL-(12940 NUM? =0
1 03000 C
03010 1,2u DO TOO N=I.NUML:
03020. HLAU(NA)	 LROyNJ . { LMiI1+1F1 . NJ}.iS5 { I)^1=d.1_ki))
0303 o 145HF T=ND * [ N0+1) /2+4*W131 03040 Du 160 ! =10ND
03050 LMN=L-LM(I)03060 1l=LM( 1)-NSmIFT
03070. IF	 tII.Lc . OrOR.db.uT.NlwdtiJ	 .,O TO	 1001 0301!0. LMS=I+MSHFT
OJ040 4AASS(1I)=TMAaS(I[)+ SStIM5)03LOO DO	 1:50 L=1.LLj 03110. DIJ' 1 30	 J=114} 03120 KK=N0*(N0+1J /2+N0*(J-1J03130 130 ll[ 11 .L }^d(I1.LJ+SSL I+1cn 1 #57H (J.L J
03140 UG 15D J=1.ND
03150 JJ=L)4(J)+LMN
1 03L60 1F (JJ)	 150615o.13203170 1:52 I	 (J-1)	 14J s 134. 1.34
03180 1.4-4 KK=[ 1-- 1J AND- !*[ 1-1 }l^tJ
031 y 0 .Gu TL 146
! 03200 140 KK=(J-1)*NL)-J*(J- 1J /2+1
03210 145 A ( IL.JJ)=A[1L.JJ)	 + 65(KKJ
03220 tau CUNTlNkJr-OJ230 100 4-01411NUJ-
#
y3} Cr^
AH1N) AHIN= ALL-.1)	 (	 '"
If LALLs+Cr.P6) sNEs UsOJU) NNLTR AM ttNLTR,4it l
710 CUNT MME
G
L	 FOR JTEP—dY —STEP ANALYSIS AUD THh AASS CCjMTRb3UTIJha
L:	 THL EWATION DIAGONAL LUFX-FLC•IENTS
C
IF(AIJYN.NE44) GO TO 730 	 ppDu 7t0 L=1.NE(17
720 Mist) = A(lsl) + AO* THASSLI)
URITC (4) .(LA(I.J)al=IsNEQd).J=1,Mt$AN0)C30 TD 740
T.aJ % R I TC14) ( IA(IsJ) , L=19NcQU) ,J = 1,H3ANJ)s(Ld(I , L1,I = I.NLQB ) sL= 1.LL.1	 -
C 740 WRITL(9) LTMAS5(IJ.L=1sNEQdJ
IF (.NOTa i1£NPRT) iU TU 770	 l
WAITE (U,d000) 8
DU 750 L=IsNL0u
IF LGENPLN) WRITE L14.E007)(A(I.JJ.J=LsRuANJ)
750 WRITE (usAC00LI(A(L.JJPJ=L.HdAN01
%RITC (0,4009)
ou Too 1=1sNhuj
IF 16ENPLH) WRITE (LIs2U07JId(1 tJ1sJ=1._LJ
7bO ARLTE Ibt^008J(d(1,J}tJ=1tL(,1W141TE (uttOLO)
IF tuttNPLMJ A HIrE (11s^0071LTHASSLl} . I=1,^VcuirJ
^AITL La . .:0od) [ TMA:i5LL) 9 I=1sNEJd) 	 i770 IF(M,dd.NdLMK) GO TO 1000
Od raid L=K#WE2d
ANURK=ANURM + A(Ltl)
IF CA(L711 .Nh. OtUUd .ANU. A(i-all sLT. AHlI,J AHlY=A4L.L)
11- ( A(L.l ) . 61 . AMA" AMA%=ALL. L J 	 I ;
Lh (A(Lt Ll . NL#-l . u0J NDF-U=NVdv + I
LF (A(Lsl) * tl1.U.J0J ALL#l) =J.D*20
IF ITMAS3(LJ.NL.0.dOl NVV=NVV t 1Art 74.1 t•1± _rJ Len N•h 	 •	 r
ADUSTF LASHr-L.1- OR	 FJKTRAN V•SA(o?I) JKI 	 2.2—HAY-70
C	 3FTtiRH1 :4d LF aTIFF•NLSS 15 TD. ESC PLAL F-D JN TAPLL 7
t IF (NHsisT.1) GU TO 700
DO 200 I=I.ND
II=LAL I ) — PISHIFT
IFIIIsGT . 1vE113 . ArsD.I1r^E . Nt3I)) GU TO 2-1320C CONTINUEGO TO 700
21G *RIT£ L71 LRytNJ. [ Lr3(L Jt ( = Ls1SLa ) n ( SSLI ) slwi .tk3 )NU147=1vUlf 7+1
C
700 i.ihT 1NJL.00 710 L=1sNF-aj
ANuRM=ANGRA + A (l. t l )
IF CA ( L.sl) rNE. 0.0f)O * AND. ALL.11 sLTs
IF LAl4sL) .GT. AMAA) AAAA=A(L.IJ
IF tA ( L.1).NGs6.D0J NOEG=NDEG } 1
IF LALL,IJIE4.0.D0) A(L.I)=1.Uir20
IF LTMASS (L).NEtD .JO) NVV=NVV + 1
1TD 710 KAPG=LtMaANJ
03240
.03250
03260
03270
0:280
0329003300
OJJ10
0332003.330
C334C
03350
03360
03370
03380
93390
03400
03410
03420
0343003+440
03450
03460
03470
03480
03490
03500
03510
03520
05530
03540
03550
OJ5b0
03578
03580
03590C3fl00
0361.0
OJ620036.30
0364U
Odb50
03660
03670
03680
03690
037000.3 710
03720
0373003740
03750
0.17W)0.3 1 70
03 7tt uA -A
)
},.	 t
l
r
J	 ^
1
r
1 t
)
I t
)
)
i
)
3
A00STF LASHE'- o FD'!a	FORTRAN V.:aA(b2l) /KI	 dJ°HAY -Tit	 12:.Jd	 PAu4 1-J
03800	 IF [A(LoKK) * NL. U.000) NNLTHM=NhZTRt4+1
03810	 780 Cohl INUE
03820	 c03850	 IF[NDYNPHE.4) f0 TO aOa
03840	 00 790 I=Ks.1492d	 t
03850	 790 A(lol) = A(I.1) + AQw THASStl)
03860	 WR1TE (4) (LA[IsJl wl=KiFNE2d )*.1=1.MpANO)
03870	 GO TO 818
03880	 d00 1aR1TE [ 4)[ (AfI.J1 r1 =KaNE2O ) sJ=LrN^iRNJ ) ^i( tICl . LI s L =K.lrE2L} ) aL=doLLl
03890	 810 WRITE ( 9) (THASS ( I)s1=K n NE2d3
03900	 IF I.NOT. GcNPRri uU To a4a
03910	 14P1=H+1
C3920	 *RITE (oA2 00a) MNl
oJ930	 [)O a4o I=K.NE2d
03940	 IF LGENPCH) WRITE ( 11n2007 ) (A(IsJ).J- l.HdA19U)03950	 820 WRITE ( 6s2008) ( A(ItiJj*J=I*ABArl6l
03960	 WRITE (612009)03970	 DO 830 .I=KINE21303930	 IF t4liHPCH) WRITE (1Ls2007)(rs(1.J)sJ=lsLL)
03990	 dJG WRITE ( 6 1 20089 ( B (Is J) aJ=3.LL)
04000	 WRITE (1+.2010)
04010	 IF ( GtzNPLH) WRITE Li1.2007) [ TMAsa [ 1).1=K.N=e1i)
04020	 WRITE [6a2048) (THASS( 1')s1=K.NC2d}
04030	 C.
04040	 64U IF IMM . L:O.MS) HM=O
04050	 MH=Hmfl
04060	 3000 NSHiFT=NSH4FT+NEZb
04070	 IF (HDEGsGT*0) GO TO 850
04080	 WRITE (6910101
04090	 STOP
041130	 d50 ANdR)4=(ANOR)4/NULG} a l l *0-8
041.I0	 NTERM=HE0o*N&LUCK*XaANJ
04320	 PCT= 100.000 * OFLOAT(NNZTRMI /DFLJATiNTLik'4J
04130	 RATLO=L.0030
04140	 IF [AMIN .NE. 0.0110) kATIG=A MAiX/AHIN
04150	 AAVG=AN0RH*L n008
04160	 WRITE L6 , 2020) AMIN*Al4AxskATI[. . AAVu*P,^:T
04170	 C
04180	 RETURN
04190	 1002 FORMAT (4F10*01
04200	 1004 FORMAT (51S.3FIU*0)
04210	 1.010 FORMAT L61HOSTRUCTURFE WITH Nu -)lz4REE3 Oz FRr-E00.1 LHEL& JxTA	 i
04220	 200u FORMAT (/// 10H STRUGTUkE 9 1.$Xs71-IrLtP4ENT. 4X.4HL.UAU s4X.
04230	 9 IIHHVLTIPLI[:RSr/ ICH LOAD LASe . L2X.drlAS9XvlHn.9Xs1HC n 9X.11+•3*/ LX)
04240	 2001 FORMAT (l6.lXv4Fl0.3)
04250	 M)4 FO14 .14AT (451ILS T 1± P- c$ V- S T E P	 a O L it T 1 O N	 •
04200	 A	 37HC O. N T R 0 1-	 1 h F U R K A T I u N. J//
04270	 x 6X * :I5HNUMt)ER OF IIME VARYING FJNLTIUNS = s lb
04280	 X 5Xr 35HuROUNA HOTION.1t4UlL4ATVR
04,290 	 X dX. l0HEIS.0m NONEr /04J80	 X tSh. !9Hk;T . Qo RCAU ACLELERAT 1144 INPOT.
04310	 A bXs :s5I4NUHdL(i OF ARRIVAL t1MES	 _. lb
04320	 A 6X4 26HE0.0 s ALL FUNL i I ONS ARR L V1= e J
04330	 9 HXs 18H	 AT TIME ZaRUs //
0.4340
	 A bXs 35HNUNdEk UP SOLUTION TIMC jTEPS 	 =. 15	 !!
04350	 X 5x •, JbHUUTPUT (PRINT] INTr-RVA1-	 > 15
n
-	 -	 -_--. E	 z-	 E--^
F
A00STF	 LA!;KF- . F1aA	 I P4THAH Yo5.4 ( 6211 IAL .dJ-)44Y^-7b 12..313 PAuc 1'•4
04360	 4 3%, al5H;sULUTIUli TIAE IP1{.RLAkNT =f -i-A4.4 !! ah- -:'
04374'	 A 5X0 JOHNA55-	 Pk0P,Jr1T1aNh4 DAPIPIH> f !04,380	 X 6]. f JbfiCUEFFI C IElif	 LALIiyA) - r G14r4 /!
04.3510	 J 5A. .30"STiFFr11. SS-PkUPURTIaJHAL JAMPInur
I 04300	 K 5X, J5r4LVEFFICiEN7 CB4TA) = r 414 . 4 /// 2X104410 .
	200: FORMAT t16&7Xr4Fl0--3)
04420	 20D6 FOkHAT { E IO yERALL 9 ATRILE59 pL -IGK w f iJa// f -
04431)	 A	 r STIFFNESS MATRIX f1
04449	 i-067.FORMAT {4IPSE14.J]}
04450	 200n FuAHAT ils( H sIP10043p4j)04460
	
233-79 F"RNAT I ///a 1 . LOA D
 MATR 19 f 104478	 Gal?. FURMAT I///ft 14AS5 MATAIX r 3
44480	 Z:r1n/ FiLiAKAT	 { f 05f li-F IES5 14ATJ41X PAfs. ► .4r.TdK5 f f//w04490	 x 10X,,'AI'n1NU14 MUN-ZrRO 01A- (JNAe. ti.cr4Ehl =wfaPUIo*Jmlw
04500	 X	 10	 P I MAXIMUFI 01AGOt(NI_ vL.C)4F- )iT -ww OI(J.30/e04510	 X l(jAw o )#AXIHUM/mIHIHUH = wr DI 002,012
r 04520
	
X 1CXr*AVKRAGl	 DIAGUNAL LLKHENT =wr olo,39/004530	 1{	 148. f 1)Er4S ITY UF..THE: MATRIX = f f UPF5, l r f PGT r ,t )g 045407	 3001) FURAAT, . I27H0*** bARUR	 ZERO TINt STEM / 1X0
E 04550	 ENE)
!r[]1 MOU ULUCKS
f 14T .	 +0	 lff]T	 +1	 ALFA	 t^d OT 64	 1it;TA +b
g¢ 14F 	 + 10	 tW14	 +1I	 HAT	 +1?- toyn +1a
1 74}:
e LRD	 0	 Nil	 +1	 LM IPAU fl01	 55 4106
^. /EXTIiai/ 1+21 ..G	 1 14ODCX	 i0	 NTU	 +1 iF
LCTL/{+71
GRAY	 +0	 Et.I')4T	 +4	 ELPCH	 f utrw?$I *if	 GEcNPCII +b
DE:FPCH	 +0 Ill
SlJf4PJ406H A9:i t.ALLE11
?.:, PFLOT.	 .) :i4R} * r	 f
SLA44":i A19J A49AY5
	
*rf . 1'IU LXPLIUf aLFItllTiilN ' ► n.ir	 Nail f(c FI_t4ENL=si'1
f	 } .50020 1
	 4-TETA	 c	 ,I00I1 4 *Lt- 5.	 >i*AF4114 tf
.10010	 la
	 1<;).Ji
 it	 Ac14EOF1	 l d * I m i 1.3	 4flT 1 14
*HTERf4	 to
	 „SD0 ,3T 17	 .500,40 2D .303 A:) Zl	 *iocjLDCK la
.500J4, 23	 *U	 24	 *t10eu	 25 :1TR 26	 450OJ4 27 x-t .500.30- -.10	 sA,	 31	 .SOJjl	 .42 :aoaoo .sJ	 cl 34 k
*RATID	 JZi	 .SOG47 37
	 *HA
	
40 oAHAA 4L	 .50040- 43 ttfliUMEL
	 44	 . 50[34.) 4v	 *fwr44TW4 4b . ySJ4-f 47	 .6004.1 511
.50042 51
	
40 T2	 tOZ	 . SQ041 b4 0.00044 W.,	 4FAIJUNH `a61 *NE2tt	 60	 n1:,ff1FT tii
	 *1qt1	 G0- .:irfJ:sl L)J	 * i4 bra
.50056 Ifp
	.!iv a55 p t7	 #,i	 "37 *MN to 71
.30053 /2
	 .50007 7.)	 .509 2 74 +nrs 7:,	 .S000tr 7n
r	 .
..p
 1	
I}^T^.-•^L .
	
-
ly
-
-^^
--==•.. -] ..	 ;- - . ^... -	 -- - -	
it
	
4	 ^ 1	
{
^+
-
+^-^1^ - - - - -- ---- -
ii	 suua f 'do dA'o^i:a^a6u.oK 	 sir,..=	 ^ •-••>-	 _:.:6wssJ O i 	 ':.	 .....	 --....s......	 ter. _...	 rc..:..iu.e^w r..is..^.^_air:.aa.arw.^.. ^w.^..:alai..r.er_,_a....,n.s.^J,^^:..Sn - 	- .a..l	 AL.
ADDST P LASHEL . .Fi1R FORTRAN V.*A(bzl) /Ki 2d-Ap%f-1d
.$UObi 77 .!J0005 100 eSaJ50 1U1 .SUOJ4 10
.50003 104 A 105. .30002 106 .50021 107
.50000 111 *LP4N 112 *Numt: 113 .50U67 114
OSOD6b 116 .SOOb4 117 *MPI 120 eSOJb.t 121
4X 123 oSO062 IaS .S001b.126 PCT 127
.50615 131 *A0 132 .SO060 134 *KAP4 lab
-10007 1.3T .50013 140 .1000b 141 *NUM7 142
.I00045 144 .53011 145 .10004 lab .SOD10 147
*L 151 010004 13a *MdANU 1:.» * I GOO 1 1$4
*1 L57 .10000 L60 TMAS5 161 *Ncad 102
.50026 164 .50071. L65 .50025 106 *4SHFT 167
.SO024 171 .SOOIeJ 172 .SOO22 173 .Saual 174
TEMPORARIES
.A0016 616
ADASTF J_ NO ERRORS DETZCTED
V
1^-'' 0
07
CIa
}
j	 1
R
1
1
I
!
1
!
)
t
i.e: Jb	 PA.3E L-ca
*11	 10^2
*NVV	 310
.50066 115
•50017 142
.500x,1 1.10
.50114 13b
.SOD12 1J4.3
610003.150
*AAVG	 155
.50027 Iba
.50070 L70
GALMAN LASMEi.FUH
	 FURTkAN J.5A(•.?I.l /K1	 2d—MAY-•70	 12.38	 Nr,uk 1
44560 SiJtlROOTdNE LAL=AN'[H^ANJa:^JiF,LFIrXM n 5.r^aN^1.n[)r1snS}(14570 IMPLICIT AEAL48(A-m,U--t)04580 LUGILAL CLPRT.eLP(.di id•VPRT n UtNPLIiPL)=FPCO
04590 G
I 04600 C CALL=0 8Y	 RUSit TEAM tPLNAKsBRIC&tls. TPLAi'E. CLAMP. CLST.313.PIPE& .04610 C
04620 C-•----CALCULATeS OANJ OIJTH A14D WRITES .STiFFN=SS MATRIX LAN TAPE 2
04630 DIMENSION Lid[d).XA(G1)*StN0149ND?4)i)PCNDF1.4)
04640 COMMUN /EXTRA/ MDDEX.VTn
04650 CUMMUN /CTL/ GRAV.cLPRT n ELPCHn ^ENPRT n QdNPC Sit UdfPCH9
04660 1	 IWTCG9MINJNb n 3PLT
04670 NF1=2
04680 IF
	 (MLNBNL). .GL.	 11. NF1=7
04690 NF2=1
04700 IF (MINdNO .GE.	 1) NF2=704710 14IN=300000
a
..
04,120 MAX=o04740 00 800 L= I.ND
04740 IF LLM(L}.EQ.0)
	
G4 TO ak)O
04750 IF (Lf4(L).GT*MAXJ MAX=L)4tL)! 04760 IF (LM(L).LT.M1N)	 41N=LMIL104770 800 CUNT (NUE04780 N,71F=MAX-14111+1
04790 If-	 L NOIF .LT. U) NaIF=u.
04800 IF INUIF.GToMOaND) MMANJ=NJIF
04810 IF(MODEA.F•Q.I)
	
GO TU 81U
04820 C
04830 LRD=NO*(N0+1)/2+5*ND
! 04840 WRITE(NFL) LRD^NO n (LMLI) n D	 d.NO1, n L(SIIsJi n J=1sNU) tI 	 1.Nr])t04850 X	 L ( PII^.1) n I=1.Mil1rJ= 1iH)eLXNIdI) , I=•1,Nai
04860 1.1;	 (oNUT.	 ELPRT)	 RET.1K:i
J4870 WRITE (6 n l000)("Mtll s1=1 nND)
04880 WRITE	 (6910IO)j 0-+890 DO 90J d=$0NU
04900 IF	 (EL:PLH)
	
WHITE	 ( Lis LUcO),(5(J*J)oJ=1oNJ)
t 04910 900 WRITE (6,1030)L5I1 n J ) n J=11NU)1 04920. IF	 (ELPCH)	 WRITE	 L1S.lU.:01[IPIIv.>)0J=1.4)01=1,146))
04930 WRITE	 ( 1p n I040)L(NL1 n J)o J=1s4)11=I9ND)
04940 IF	 (4LPCHJ	 wRITh	 L11.d0d0)LXM(1),I=19NJ)
04950 WRETE (6 n 10'a0)(XM(I)	 1=1 n ND)
1 04960 RETURN'
04970 610 WRITEINFd} riJ.Na.ILtdLI}al =1a N0)(34980 . RETURN
04990 C
! 85000 1000 FORMAT	 L'OkLcMg NT j—ULAT1ON MATRIX 0 9/.(14.1 .10113))0!3010 1010 FORMAT ('OELEMENT STIFFNESS .MATRIX n )
05020 1020 FLHMAT
	
(41PSEIU931)
05030 1030 FURNAT	 (/1(IH n IP10s13.4J)05040 1040 F. aRNAT	 1 8 01--LEAENT LOAD MATRIX t o/ n ilH n 1N4tlJw4i)
05050 1030 FURMAI	 1 1 OhLEMENT MASS MATRIX o ./ n (IH ,1H10t1J.4))
0=Ouo END
COMMUN OLOCKS
/EATRA/(f42)
l„S
i
EG
CALbAea	 LASHE.L.rFOR FcLRTRAN: Y.^A(oG12 _ /KL G.3-9#%Y-7d 1z+38 faAue.	 L•-1
s
z^ ^ M^n^x	 ^a	 HTa +^
§§
t
/CTL/t+121GRAV	 . +a	 LL.PUT *2 ELPGH +.I GLrspay t$ GENPLN tb
^-t 1 Ul:FPCFb	 +6	 IwTL:G i"7 RIMaNu *10 LPL_Y +1.1
SUBPROGRAKS CALLED
SCRLMS AND ARRAY=	 "*H ru7 LXPLIL: LT 17EFINITLL.% N4UT FtEFL- R4NCEo
} e50020 1
	
WALh' 2 INNS 3 4141-1 4. *MAX 5
*NDH	 6	 *NDIF 7 *NF2 L0 S 11 P !d
*3	 13	 .50007 14 .50006 L5 450005 16 .50004 17
i •SC003 20	 .SO00% 22 .S00til-2z .S3330 !s .504LT 24Y
.SO016 25	 .50015 20 :tiro Z7 .-30024 34 *ND 3L
.50013 32	 #500.X2 33 •101305 '^, .50,311 35 L0004 3o
.-30030 37	 .10003 40 *L- 41 s13002 42 *NBAND 43
L .100,31 44	 a1 45 .L0000 46 L-H 47 .50021 50
*LRD	 5i
TEMPORARIES
.A0016 X22
iCALBAN	 NO URRGRS JETECTED
i
is
k
j'
. 3
i
{
Y
9
j 	 '`
CHECK LA5HcL .FLIR	 FORT RAN V . SA(621) /K1	 e-i—MAY- -7n	 12 : ao	 PAu= L
05070 SUWROUTIN E: LHECK(IO t IF"6tNEu . N. AL^i- o LEL.TYP$
05080 114PLICI 'T NEAL* dLA—H s"—,L)
05090 LOG1LAL ELPRT. EL PCtlitiE.NPRT g VENiJ Ccio0vF Pt	 ri05100 l:1 05110 C CALLED. dY MAIN
05120 C
05130 C TFida SUSNUU71NE CHFLKS TO SE6 TrlAl ALA. Jc. i rlLCa OF .PRE:EDUM jlAVc
05140 C STIFFNESS, ATTACHED F....
ti 05150 C .
05160 COM"G.N /ELNAR / NPAR { 14)rNJMNP
05170 DIMEN5LUN . IFLG ( NEq1) , IJ{NUMNP.01
05180 CJMMDiv /E,1/ LhID^Ns^eLM { 6-^)sIYA0s5S9c3s1J
05190 COMMON /CTL/ GR 4V . cL.PRT,t7LPCHI%LE 	 2RTa.icYP.. tip DcFP&-rl.
05200 1	 1LWT6S.AII hi:NE)p IPLT05210 CUMMON /EXTRA/ HOOL-A
05220 NF=2
i 05230 IF 0400EX .t:[1.	 11 NF=-1
05240 c	 .05250 L SET THE L: HeLK VEGTgg TO L
05260 C05270 Do !00 1=1.NEO05280 Ii?Lai(1 }=1 . .
05290 Lao CuNT1NuE
05300 CI 05310 C READ] THE LM VhCTOR FOR EALH EL.c;W-NT ANJ SET THE CFIEL:K VECIOP<
05320 C
06330 C DATA I:HeCK MODE IS OFF
05340 C05350 IF [Mu0EX .t4. 11 GO To 200
OSJ60 REWIND NF05370 OU 1.20	 N=1' m NU i4EL069$0 READ	 {NF)	 LkA.N [l. {Lhl[ 1) r i=1 . Nil) s { SSL I I ► A =1 oL Eiu3
05390 DU 110	 [=LIND
05400 Ic12=LM(11
05410 IF	 [IEQ .LE. 0)	 GO TO	 11O
05420 LFL6IIEQ$=0054.!0 110 CUNTINUE
05440 120 CUNT INUE
05450 REWI ND NF
05460 Gu-rD	 400	 .
1 05470 9^
054dO C JAIA Lmr	 LK MU0= ON. NO WANJQIJrrl AINIAILAfION
05490 G05500 200 IF	 191NE1NL)	 .GE.	 11	 L.0 Tu 3OU05510 11h.W1NJ NF
05520 00 230 N=1PNELTYP
05530 READ L NF 1 NPAR05540 NUME=NPAr{ 12.105550 AO. 220 J=1 * NUMti
.055e0 READ	 LNF1	 NJ.NSa{LL#!1]^l=1.Nu1
05510 00 210 I =L.NU05540 IE Q=LMt [ )} 0!3590 lt" ( !i"Q	 . LL.	 4)	 GO TO 410
05600 1FLG(IEQ)=005h10 Zia Calhr l NUL
05620 220 CUNT INUE
U1
 •
U
E
..	
s,, _„n,•t:. zyxa+:,'.v;' (^: .,4.^s:.+a>;.rx.r..=...	 _	 -.	 -	
-'	 -	 -	
-	 _ ' a` . ^"M'.c.^,.v4:^u.^.+rer
	 -
_.... .-'_:^.._.... a,- _.._s:..,.:s^.• 	 ..^k'a^'a.^r^^.. u.. ..tai,..:. .....?_.,..,.`!.ri.^.^..z._..^..._....m,,.a..,.. .._.... d-_.s.. ..^.r^r. ._.-„e_^:_L-^.a.:y'^4t. •.^.:.:^..ue`aNa 	 —w.-i. .. A.L	
_ _ _	 _—	 —^^	 — . .
CtiECK	 -A Slika- OF OR	 FURIRAN V95A(bal). IKL	 za-MraY - 7c1	 1-1:.3Li	 NA
05630 2 J0 CONT INUE
05640
	
Rr=WIND NF
05650	 GO T4 40005660
- 05670 . c	 DATA LHhLK AQUM ON WITO WAV11811JTA AINIALZnTIUN¢56130	 r-
05690 310 REWIND NF
05700	 uO 330 N=l.MhLTYP
05710
	
READ 4MF) NPAR
1	 05720	 NUME=NPARL21Oa730	 DO J20 J=i.NuFIaE
0574)	 READ INFL M)*NSo(LM(l)9L=I*NJ)05750	 VLI 310 1 =1.NO
C576C
	 IEA=L.ML I )
05777	 IF L1EQ .LE. UL uU Tu 310
057a0	 LFL-G( I ea) =0
05790	 .310	 CONTINUE
1	 05600	 320	 CONTINUE
Oaa lC
	
333	 L UNT INUE05820	 REWIND NF
05834
05d4 a C	 SCAN THROUGN THE CHECK VE,TOR
06a5J C35800	 -0:0
	 N=0
05870
	 OO 430 I=1.rNEQ
1	 05880	 IF I IFLGII) .EO. 01 6tl TO 4:30
C5690	 N=1OS90a	 MoDex=1
05910	 Oa 420 N=1rNUMNPOSy 20	 D'J 410 J=1 .4t)
05930
	
IFLLD(NrJ).NE.I)(3U TD 410
05940
	 VrRlTL(V . 20.001IrN#J
05951)	 GU Tu 430i	 059a.)	 41 J	 C WNT INUI:05470	 020 LONTLNUE
05940
	
430 LUNTINUC
't	 05990	 IF (N .E.Go 0) WRITE (6r4OL0)
Cb00^	 RETURN
0o01il	 '06020	 x.'.000 FURMAT('UF-QUATIUN'rlbr'
	
iN13.c4 n ISO	 Jtv•L'.'.Is{r'1 MA5 NU
06030	 10 3TIFFNI:S5. CUNT1NJE Itv TeE DATA %L-aLm MuDs- m )
r	 L7b04J	 -'JL0 FORMAT PUALL LQUATIUIVa HAVL-. SrIFFOL.55 ATTAGt1nC)l1
Ou05C	 &NU
1	 CCMRON aLUCKS
lELPaR!.1+1T1
NPAR	 +il	 NUMNN +16
t£dlfl+LIL7J!
LRD	 +3	 No	 + I	 A.M	 4.4	 11340	 + 101	 6n	 +110-1
J	 /LTL/Ly-L21
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APPENDIK C
Analysis of Axisymmetric Laminated Cylinders
Under Aaisymmetric Load
The strain energy expression for axisymmetric deformations of a
laminated cylindrical shell which has orthotropic layers with principal
material axes which coincide with the longitudinal and circumferential
cylinder directions is given by Eqs. (2.4) and (2.12) as
I
1	 1
U - frR E I L hi{ 3 E' [ (1 + di+ R hi	 d) ( dg i) 2 + (L + i+Rhi) .
1-1 0
3dui dui
+1 + (1 + di+ 4 hi) ( dui+1) 21 +
dx dx
	 R	 dx
iw dui du i+1	 i w2	 1+di+1/R
E12 R ( dx + dx ) + E22 Rhi In ( 1+ di R )
1	 -
+ G44 (1 + di+R hi) ( uihl-kui+ da ) 2 } dx	 (Cl)i
where the material properties and thicknesse are assured to be constant
within each layer.
The first variation of U can now be obtained with integrati,n by
parts as
r 1.1	 d	 du+1h 
SU - 2nR1 E hi
 r .({E'1 [ ( 1 +	 ) dx +
i-1
1	 1
1(1 + d
i+ 2 hi) dui+1^ + 1 Ei w } du + {Ei [^ 1 + di+ 2 hi)6	 R	 dx	 2 12 R	 i	 11 6	 R
dui
 1	 di+ 4
3 
hi dui+I	 1 i w
da + 3 (1 +	 R ) dx 1 + 2 E12 R}S ui+1
i=
^y
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i
1
k
l	
x-L	
r
d+ 2 h u -u
G44 (I + i	 i ) ( i	 i +	 } Sw
i	 x-0
I,	 i 1	 di+ 4 hi d2ui 1	 di+ 2 hi d2ui+I1	 {E11[ 3 (1 +	 R )	 2 + 5 (1+	 R )	 2	 ] +0	 dz	 dx
E 	 d +lh u -u	 dw1 12 dw	 1	 i 2 i	 i+ 1 i
2 R dx + h i Gi
44 (1+- R ) ( h 
i 
+ dx dui +
(]
	
^j	
d +1	 d2u	 a +3h d2
{E	
u
	
l	
i I
	 i 2 1
	
i I	 i 4 i	 i+1
	
1 I	 ii[ (1+	 R	 dx2 + 3 (1+	 R	 )	 2]+dx
i	 1	 _
1 E12 dw 1	 i	 di + 2 hi 
ui+l ui dw
2 R dx - hi G 44 (1 +	 R	 ) ( hi	 + dx ) }dui+l +
i	 di + Z2 hi	 Z dui+Z dui	 d2w{^^
44 (Z +	 R	 ) h ( dx _ dx ) + 2 ] 
_
i	 dx
i
i w
	 1+d /R i E12 dui
 dui+Z
[E 22 Rhi In l+di R + 2 R ( dx + dx ) ] 16w) dx]
a..i
	 _._ 1 ....	 t.	 t	 a	 l	 .t ^1 	 t _ . _L.._..1... _ .. 1	 Li	 _	 L	 i
t
(C2)
The Euler equations for the cylinder are then
2	 2
El h [1(1 + h?) d uI + (I+ hl) d u2 ] + Ei2h1 dw +
11 1 3	 4R 
d 2	
6	 2R dx2 	 2R dx
G44(1+ZR) (u^ul + ^) - 0
1
E11hN
I
I (1 +	
+R2 hN }
2d 3	 2
+ 3 (1 + dN + 4 .4 d ^Z 1 ]
dxdx
]
(C3a)
i
?t ^ y
S	 ^
+	 '3
we
^.f
+ 1 E N hN dw
1
_ C N U+ dN + 1 N)
_
( !htl uN + dw) - 0
	 (C3b )
2	 12 R dx 44	 R h 
	 dx
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ma
or 
uN+i prescribed (C4b)
1
I
1	 2	 3
h	 ( l + di-1 + 2 hi-1 ) 	 dui- 1 + 1 CE'- 'h	 I + di-1 + 4 hi-1)6 11.	 i-1	 R	 dx2	 3	 11	 i-P	 R
1	 2d +—h	 d u
+ Ell hi	 (1 +	
i R	 i } l
	
2 + 6
 Ellll hi+ldx
d +-h	 d2u2	 i }	 1+1	 1	 -1	 dw(1+-1	 +	 + Ei	 h )(Ei h .	 iR	 dX2	 2R	 12	 i.-1	 12 	 dx
1	 _
_ G1-I (I+ di-1 + 2 
hi-1	 ui ui-1 + 2t))	 (44 R	 hi-1	 dx
^.^
1
+ Gi (1 + d1 + 2 
hi	 ul
+l-ui + dw)	 0) (	 hi44	 R	 dx
i - 2,	 3,	 ...,	 N	 (C3c)
1
N	 i	 di + 2 hi	 d2w	 iw	 l+di+l/R{r'
44 hi (1+	 R	 ) dx2 - E22 R 1n l+di/R1-1
d + lh	 h	 dui	
2
	
E{
	
1+ {G44 (1	 3+ 	 R	 2 12 R	 dx
i
d + 1 h
	
h	 du
- [G44 (1 +	 i	 i) +	 B	 }	 0	 (C3d)R2 2	 12	 R ) dxt	 .
and the boundary conditions at x
	 0, L are
E1 h	 i 1 (l + hl) du + l (l + h
1) dug , + l El	 h1 
w11 1
	 3	 4R	 dx	 6	 2R	 dx	 2	 12	 R
or u prescribed	 (C4a)
1	 3
	+h N du
	
+—h d	 h
E N h II (1+	 ` ) N + 1 (1+ . 4 N) T + 1 EN Nw11 N 6	 R	 dx	 3	 R	 dx	 2 12 R
f
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a
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i
1
1	 3
1 Ei-1 h
	 (1 + di-1 + 2 h1-1 } 
dui-1 + 1 [Ei-I h	 {1 + di-I + 4 hi-1}6 11 i-1	 R	 dx	 3 ll i-I	 R
	
d i + 4 h du	 d +1h du 11
+ E11 h1 (l+ R4 i}.l dx	
i
+ 681hi(1+ R2 i)	 dx
1 i-1	 1	 w
+ 2 (E 12 h1- 1 + E12 hi) R
or ui prescribed, 1 - 2, 3, ..., N 	 (C4c)
1
E G 44 hi (1 +^ R 2 hi) (uihl-ui +) or w prescribed 	 (C4d)i=1	 i
A solution can be readily obtained for a single layer edge-loaded
shell for which the pertinent equations are
2du	 G3 ( 1+ 4R) 2 - ( 1+) 442 ul + { l+)
dx
	 Ellh
2
l d u2G44	 1 1 E 12	 G44 R	 I	 dw
( 6 dx2 + E h 2 u2 ) + R 2 Ell + Ell ( h + 2 } dx
11
m 0	 (C5a)
d 2	 G	 d2u(1+ 2R} ( 6
	
+ 442 ul)
 +-1
 (1 + 4R ) 2dx	 Ellh	 dg
-(l + 1 h ) G44 u + 1 1 Ell - G44 ( R + 1) dw
2 R E h2 2 R 2 EI1	 E11 h	 2	 dx11
= 0
	 (C5b)
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A
Ad
_
G44h (1 +
E22Z R)	 2	 R In ( l+ R)
dx
du
lh
+ (G44 (1+ 2R )
1
- 2
h
E12 R l
2
dxT
i
-1+
 ( 1 + 2 R) + 2 E	 )I2 8
du
0dx (C50 ((^^
Let the solution for ul , u2 and w be expressed as j
`
u1.	
Ule1x/h (C6a)
' u	 U eXx/h (C6b)
i2	 2
i
w
	
We^^h3
(C60
u
Then the substitution of Egs.. (C6) into Eqs. (0) yields
'
i
1
u
^
^ I
I
f
r
G1(1+
4 P" - (1+ T 1 h ) 443	 R	 R E11
(l+ZR)(6A2 + 
G
E44 )
11
E	 G
[2 : 2 R + E44 (1+ 2 R) ]
11	 11
(1+ 2 R ) (6A G42+ 	 E4 )
11
G
3(1+4R)A2 - (1+2R) E44
11
E	 G[ 1 12 h - k4 (1 + 1h ) Ix
2 Ell R E11	 2 R
t--,,
 I .=	 rte:
E	 G
11 :L244 4 ( 1 +1h )]A	 U	 02 E11 R Ell	 2 R	 1
E	 G[ 1 12 h - 44 (1+1h)lk	 U	 02 E11 R	 E11	 2R	 2
E22 h ln(1+R)-	 E44 (1+2R) A2 W	 0
E11 R	 11
Wa)
from Which the characteristic equation for A is given by
	
1 G44	 1 h	 h 1 h 2 41	 h 1 h 2 h E22
12E (1+3 R ) [1' R + 6 { R ) ]A - 2{[ 1 +R +6{R ) 1 REllln(1+S
	
11	 ,5 ^y
E12 2	 1 h	 h 2	 E12	 1 ( h ) 2 G44 2 ) ( 1 + 2 R ) ( R ) _ 2  { 1 + 2 ) ( R ) E }A
11	 11	 11
	
l h h E22	 1 h	 h	 E12 2 h G44
+ { 1 + 2 R ) R [ E	 { 1 + 2 R ) In (1 + R ) - ( E ) R ] E	 ^ o	 (C7b}
	
11	 11	 11
00
1	 ""w+Ji.7rin	 {	 ::v?.+i.li1:<`aR':fR+^'.i •a atria L 	 .JMe`►y.A3^' 	 :H,
EC
L'
I l
.-I -Ad
The coefficients U1 and U2 are given in terms of w for each value of
by the expressions
Kli	 wli - 2Aia { [ ( 1 + 2 R} (1 + 3 R) Elli	 i i	 11
1 E12	 h h 2	 E12G44 h	 l h
+6 E 11 (1+ R) R
]ai - 2	 2 R ( 1+ i R)}	 (CSa)
(Ell)
U2 	1	 1 E12 h	 I h	 1 G44 2
K2i	
w 
	 2aisi { [ 6 Ell R - (1 + 2 R ) (1 + 
_
3 Ell ] ^1
- 2 E12G44 R ( 1 + 211) } 	 (CSb)
(Ell)
l h 2 G44 _ 1	 h 1 h 2 2ai (1+ 2 R) E	 .12 E 1+ R + 6 ( R } ] ai
I1
i - 1. 2, 3, 4	 (C8c)
Since tt:e solutions of Eq. (C7b) can be expressed as
X - i al, ± a2	 (C9)
the displacements Laay be expressed as
w A cosh a h + A2
	lBinh a r. + cosh l2 h + B 2
 sin h a2 hl	 l
ul K11 (Asin h Al h + A
2 cosh .1 1
 ^ + K12 (E1 sin h X2 h
+ B2 cosh X12 h
	
(C10a) 11-
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U
^J
l
u2 = IC (A1 sin h Al h + A2 cosh a l h) + K22 (B1 sin h X2 h
C	 + B2 cosh X 2 h	 (ClOb)
Consider a cylinder of length L which is equally loaded at each
edge by radial shearing forces. Then the radial deformation is sym-
metrical about the center of the cylinder length so that the coeffi-
cients A2 and B 2 may be set equal to zero. The boundary conditions at
x = ± L/2 to be satisfied by the remaining coefficients are
11 h dul 	 1	 l h dug 1 E12 w3(l+)
	
	
{Clla)dx +6(l+2 R ) dx +2 E11 R =04  
1(I+lh) dul 
+ I(1+3h) du2  1E12w.0	 (Gllb)6	 2R dx	 3	 4R	 dx	 2E11R
Gh (u2 h ul +) = Q	 (Cllc)dx
It should be noted, however, that only one of the first two equations
need be satisfied since the sum of the two is automatically satisfied
by the solution given. By manipulation, an alternate equation to be
satisfied is given by
i
r[1+ R + 6(R) 1	 (u2 - ul) - v w'I	 0
R`
The equations for the determination of Al and B 1 are then
al
 (1 - 0i Al siuh Xl T + a2 (1 - "2 B1
 sinh ^2 2h ' 44
(Clld)
(C12a)
'r'0
I	 i	 t
2
{E12 (R )2 + [ I + R + 6
	
2
	
(R) ]	
I } 
Al cosh ^1 2h
I1
+ {EI2 ( h ) 2 + [ 1+ h + 1 (11)2 11,-z B cosh a L - 0
Ell R	 R 6 R	 LI2 1	 2 2h
wi th
u = 44 (1 + 2 R ) 2 + 12 EI2 (R) 2
E
Il	 11
which yield
A	 -{ E121	
x'11
( h ) 2 + [ I + h + i ( h ) 2R	 R	 6	 R
2
l u X2
A2
L
} 112 cosh ^2 2h
G44
B	 +{E121 E11 ( h ) 2 + [1+ h _	 ( h )
2
R	 R	 6	 R
2
] u
al
A2
L
}^ cosh ^1 2h
G44
with
(Al sinh X1 -LL cosh a2 h - A2B inh 12 2h cosh X1
 L)
E
{[1+h+I(h)2] h [ 22 (1+ Ih ) In (1+h)R 6 R	 R E11	 2 R	 R
( E 12 ) 2 h _ 1 ( E12 )2 ( h ) 4 }
E11	 R 12 E11	 R (C13c)
Stresses at top and bottom of the shell wall can now be obtained
from:
^xi 1 [(
 Kill 1 + E12 R) AI cosh X 1 h + ( Ki2X2
11
+ E12 R) B1 cosh a2 h1 	 (C14a)
11
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a
o6 1 = En2 [( R + E^2 Ki1^1 } A	 +l cosh ^1 h ( R
^2
+ 
E12 K12X ) B1 cosh a1 h ]	 i • 1, 2	 (Cl4b)22
The distribution of transverse shearing stresses can be obtained
by integration of the equations of equilibrium for each layer, i.e.,
3^  C R +	 T=41+ ax e'( R+ C ) Cl^l= 0	 (C15a)
But, with CT x given by
ax 
E11 [ dx ( 1.
	
	 h) + dx2 h + 
E1 
R + ]	 (ClSb)
I1
Eq. (Cl5a) yields
1 d2u
=xC --R+1	
2
C [[R - 2^(h - 1) - 3 h^	 2
d2u	 E
+ h (2	 ER + 3 ^)	 2 +
	 c)1` d
11 
	 (C15
dx
The conditions of zero shearing stress at the inner and outer wall
surfaces are satisfied since T Y^ from Eq. (C15c) is identically zero
at	 0 and vanishes at = h by virtue of the sum of Eqs. (C5a) and
(C5b).
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IAPPENDIX D
DIFFERENTIAL EQUATIONS FOR PLATE AND
SHELL ANALYSIS
While partial differential equations for shell layer interface
adisplacements may be obtained with the utilization of the principle of
Q
minimum potential energy and integration by parts, the same equations
may be derived through the use of the layer equilibriums equations and
the styes!,;-strain-displacement relations for the shell. The various
equations required are given here. Consider an element of a shell
layer (Fig. D-1), which is loaded on its top and bottom surface by
f	 interlayer shear and normal stresses and on its sides by force and
moment stress resultants. The moments are defined with respect to the
layer middle surface. Then the stress-resultant equilibrium equations
may be written with the use of Eqs. (2.5.3) to (2.5.7) of Ref. 29
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From Eqs. (D1a) and (Did) for the ith layer the following
expressions for the interface shear stresses T ai may be obtained:
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An alternate expression for T i may be obtained from Eqs. (Dla) and
(Dld) for the i+1 st layer as
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the elimination of Tai from Eqs. (D2a) and (D2b) yields the following
equations of equil brium
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Similar expressions involving T $; ^'
` and wherever they appear in Eqs. 
(D2) to (D4). Finally,
changing
the interlayer normal stress i 
may be eliminated by adding all of	 3
Eqs. (Dlc) for i + 1,2,...N to obtain
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To these equations must be appended the constitutive equations
for the stress-resultants which are given by
278
....,.1.._......A.......^.	 ._^i..,	 -	 i,-yin e
I
h
-	 AS	 (2i)Na
A	 ( ha
a h
'2 i) aB
i
h
A L {2i}
	 as
^ 2	 ^
ccil	 { Ti }	 (D6)
;.^ h
Ab (hi)1-
I
e
h
A^ (2i?^
i
A	 ( 2 )1'i Sct
h.
a( i)
Ai hi	 i
AB C--2 )Qs
i
where
f
[C] o
h
19!l1 31 (^'a} 1912 2	 xl3jSi(^•m) 1913 2	
a111ai(S'1) 1912 2	 1913161(O'1) 513 2	
0	 0
i ^
	
i 
Y (a.BD 61 	191 I (1 ► ^} 1912	 ^a2i61(a
►
 1923 r	 1923161(1.9)
	
o	 a
19
12 2	 1922 51	 23 2	
23 Si
h	 i h1	 0	 0
1913151 ( ^' a} 1929 2	 193315!(8`1} 9 2	
5131fii(9°a) 1923 ai	 1933I61(^'1D 53 3 2
h	 h
191] 2	 1923IS1(1'$) 633 2	 533151(1.9) 
913 2	 9 3161 (1 '
9) 1933 Z	 533161(1.9)
	
0	 0
2	 h2
	
2	 2	 h	 i ^	 0_	 0
1911171(8 ' 1) -9 1	 613171(8'0) -413 12
	
19111&i(^"°) 512 12	 1913181(8'1) 1913 12
2	
h2	 h21	 _	 00f
-1912 Y	 1922171{p,9) -923 12	 623171(1
°9)
 191a 12	
62218!(1,9} 923 la	 1923181(119)
2
	
h	 h2	 ts2	
^	 a
	
h 2	 i
	
6131 7it9 'tl} "523 Z	 1933171(8'1} 
-633 12	 19131af(
8°1) 19 23 12	 9331ai^8'a) 1933 12
	
0,	 2h2 1	 1 1 	 0h	 i s 
1913 l23	1923171(1 °8'^ +1933 13	 633171(1'9) 
913 12	 923181(1'8) 933 12	 1933191(1,9)
	 d
	
0	 O1!9.1} GI5hiD	 0	 a# 11
0	 Q	 0	 0	 0	 0	
0	
0	 045h1	 g55I11(1y0
00
*d
1fl^ 1'd
L^
(D-•7)
P'
ao
	
.c
0
1and	 h
i	 A a)	 hi	 RX	 R+d 	 1+di+1 /RA5i a ) a0 (1 - /hi) A^(^) dC - R^ 	 - (1 - _ 1 - (1 + hi )In l+di/Ra 	 (D8a)
hi
1 hi	 R^	 R^+d	 l^i^-1/R7^161 (4i o a)'	 /hi A^(C)/AX(C)d RX 2 R + (i - Rp) (1 - hi In 1+di/ 	 )	 (D8b)
0	 l^
t^I h	 AA-	 h	 R	 /Ri	 1 i
	 ^	
R +d
	 l+d
a i
	1	 1+1 aI71(U$X)	 (C.- R ) (1 - hi)Ai(^) d;;	 hiRa 12 R^	 (1 - R) (1 + t}i ) (1 + 21n 1+d	 )
o	 a	 u
(DSc)
hi - hi 	 i()	 l hi	 F,	 R^+d	 1+di+i/R^i	 1 R^+di
18i (V ' X )	 (	 2) ( h 1	 dC - h 1RA 12 R -(1 - R) ( h	 )[1 - ( 2 h - In 1+d /R
]l
LLL...
	
i A^ (0
	 i ^
0
(D8d)
N
00
r
	1 1
	
9^
The various equations may be readily combined for a flat plate
to yield the following simultaneous differential equations for the
interface displacements
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